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Abstract 
Research into movement preparation has shown that a loud auditory stimulus (LAS) can elicit 
the early release of a prepared response.  This is known as the StartReact effect and it has been 
associated with the startle reflex (eye blink caused by abrupt noises).  Intriguingly, the Eye Blink 
reflex can be induced by electric stimulation too.  Here I sought to determine whether electric 
stimulation would be able to induce the early release of motor actions in a similar manner to the 
acoustic stimulation.  Thus, the aim of my thesis is to study the effects of electric stimulus on the 
facilitation of motor responses.  All three experiments consisted of participants reacting to an 
imperative stimulus (red square) after viewing a warning stimulus (green square) with a 
supination of their right hand.  Electric stimulus was administered to left biceps and reaction 
times, EMG of right biceps and left SCM were measured.  In Experiment 1, the electric stimulus 
(2 ms) and LAS (50 ms, 114dB white noise burst) were each administered in 10% of trials.  The 
intensity for the electric stimulus was selected by the participant.  In Experiment 2, there were 
four blocks of varying intensities (2.5, 5, 10 and 20mA).  In Experiment 3, electric stimulus 
(20mA) was administered to the left biceps and over the ulnar bone.  Overall, the results from 
these experiments indicate that electric stimulation is as effective as acoustic stimulation in 
eliciting the early release of prepared responses.  Specifically, they show that the Facilitated-
reaction effect can be modulated by stimulus intensity and that electrically stimulating skin 
receptors alone can elicit this effect. 
Keywords:  movement, movement preparation, motor control, startle reflex, StartReact, 
Facilitated-reaction effect. 
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The Facilitated-reaction Effect, How Shocking! The Effect of Spatial Attention on the Release 
of Prepared Responses by Sound and Electric Stimulus 
The StartReact Effect  
The evolutionary purpose of being startled is to protect one’s life (Álvarez-Blanco, Leon, 
& Valls-Solé, 2009; Anthony N. Carlsen, Dakin, Chua, & Franks, 2007).  Recently, however, 
startling people has become commonplace within a laboratory setting to provide insight into the 
mechanisms and processes that can lead to movement initiation in health and disease research 
(e.g. Honeycutt & Perreault, 2012).  One such example is StartReact effect, which is 
characterized by the early release of motor actions due to a loud sound (Anthony N. Carlsen, 
Chua, Inglis, Sanderson, & Franks, 2004b; Marinovic, de Rugy, Lipp, & Tresilian, 2013; Valls-
Solé, Rothwell, Goulart, Cossu, & Muñoz, 1999; Valls-Solé et al., 1995; Valls-Solé, 
Valldeoriola, Tolosa, & Nobbe, 1997).  To observe this phenomenon one usually presents an 
intense acoustic stimulus during the preparation phase of a motor action, resulting in the 
initiation of the prepared behaviour with shorter reaction times than normal (Marinovic, 
Tresilian, de Rugy, Sidhu, & Riek, 2014; Valls-Solé et al., 1999).  
For the StartReact effect to occur, a person needs to be ready to perform an action, 
otherwise all that can be observed is the classic startle reflex (Honeycutt & Perreault, 2012; 
Marinovic et al., 2014).  One key difference between the startle reflex and the StartReact Effect 
is that the reflex is subject to habituation on repetition, whereas the StartReact effect is not 
(Anthony N. Carlsen, Chua, Inglis, Sanderson, & Franks, 2004a; Honeycutt & Perreault, 2012).  
The lack of habituation of the prepared responses proves very useful when studying motor 
control as more trials can be administered to participants, making the effect more amenable to 
investigation (Anthony N. Carlsen, Maslovat, Lam, Chua, & Franks, 2011; Marinovic et al., 
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2013; Valls-Solé et al., 1997).  This also has clinical relevance as one could use the StartReact 
effect to elicit more muscle activation in abnormal subjects (e.g stroke patients) than otherwise 
possible (Honeycutt & Perreault, 2012). 
Early Release of Prepared Responses 
Some authors have claimed that in order to observe the StartReact effect, the startle 
reflex must also be observed (Carlsen et al., 2004a; Carlsen et al., 2004b).  A startle-reflex has 
been defined as a whole-body physical response which includes a set of muscle actions such as 
an eye blink, rising of shoulders, and an inward movement of the arms (Anthony N. Carlsen et 
al., 2011).  Anthony N. Carlsen et al. (2007) have assessed the occurrence of the StartReact 
effect by an activation of the sternocleidomastoid (SCM) reflex, a muscle which runs obliquely 
across the neck, and other reflexes such as the startle eye blink (Carlsen et al, 2004a).  However, 
other researchers have suggested that although there is an occurrence of activity evoked by the 
startle in these muscles, it is not necessary for early initiation of prepared responses (Kumru & 
Valls-Solé, 2006; Marinovic et al., 2014).  As evidence for this standpoint, several reports have 
shown that there is no additional benefit in terms of how earlier the responses are when the SCM 
is activated by LAS in comparison when it is not (for examples see Campbell, Squair, Chua, 
Inglis, & Carpenter, 2013; MacKinnon et al., 2007; Nonnekes, Oude Nijhuis, et al., 2014; 
Reynolds & Day, 2007; Rogers et al., 2011). Moreover, the startle reflex can be extinguished, 
through occurrence of repeated stimuli.  Whereas, the StartReact is resistant to these types of 
manipulations that can reduce the startle reflex.  Furthermore, the difference between the startle 
reflex and the StartReact effect in relation to habituation provides evidence to suggest these two 
mechanisms involve different physiological mechanisms (Honeycutt & Perreault, 2012; Kumru 
& Valls-Solé, 2006; Marinovic et al., 2013).  Therefore, due to the uncertainty of the difference 
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between the roles of the startle reflex and the StartReact effect, we will refer to the effect as the 
‘facilitated-reaction effect’ (Marinovic et al., 2014).   
 The Facilitated-Reaction Effect Process 
The underlying mechanism by which the Facilitated-Reaction effect occurs is still 
unclear.  The prominent theories vary between the regions of the brain involved in the process; it 
has been hypothesized that the early responses occur either because of the release of 
subcortically stored motor programs or because of the quick activation of a cortically stored 
motor program with a subcortically a mediated trigger (Anthony N. Carlsen et al., 2011; 
Marinovic et al., 2014; Nonnekes, Geurts, et al., 2014).  On the one hand, it has been suggested 
that the storage and release of voluntary movement is mediated exclusively via subcortical 
structures.  This is supported by several studies which have identified the pontomedullary 
reticular formation (pmRF) as part of the subcortical structure that promotes the startle reflex 
(Yeomans & Frankland, 1995).   However, the degree to which the reticular system is involved 
in the preparation of motor actions varies depending on the type of movement (Honeycutt & 
Perreault, 2012).  As such, when people prepare to initiate a motor response, the motor program 
that is prepared cortically is stored subcortically, in the motor circuits responsible for response 
production (Anthony N. Carlsen et al., 2004a; Anthony N. Carlsen et al., 2011; Valls-Solé et al., 
1999).  This proposal finds indirect support in previous research that has found that an LAS can 
briefly suppress activity in the motor cortical areas (Fisher, Geiselman, & Amador, 1989; 
Furubayashi et al., 2000; Ilic et al., 2011; Kühn, Sharott, Trottenberg, Kupsch, & Brown, 2004).  
Based on activation models, it is expected that inhibition of the motor cortex would lead to 
longer reaction times, not shorter as is common for the facilitated-reaction effect.  Altogether, 
this indicated that cortical inhibition would be compatible with subcortical storage (Marinovic et 
al., 2014).   
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In support of this theoretical position, Nonnekes, Oude Nijhuis, et al. (2014) showed 
what they claimed was further evidence of the subcortical storage and triggering of motor 
responses.  Nonnekes, Oude Nijhuis, et al. (2014) examined the effects of an LAS on people 
with hereditary spastic paraplegia (HSP) in comparison to a control group.  HSP is a disorder 
that is characterized by advanced spasticity, reduced proprioception of the lower extremities and 
muscle weakness (Salinas, Proukakis, Crosby, & Warner, 2008).  This disorder commonly 
affects the corticospinal tract and the posterior spinal columns and this was predicted to affect 
responses in the participants with HSP legs but not their arms (Salinas et al., 2008).  It was 
argued that delayed reactions in HSP patients in dorsiflexion LAS trials would show support for 
a direct release of cortically stored responses.  The results showed no delay in the dorsiflexion 
LAS conditions, suggesting release was through a subcortically stored motor program.  
However, these findings could also be explained by a floor effect.  More specifically, they 
reported an interaction between HSP participants and control participants, with LAS and without 
LAS in the EMG onset ankle dorsiflexion condition.  Albeit, this interaction could be artificial 
as participants in the control group could not react much faster than 90 ms when startled by a 
loud noise.  It has been suggested the latter fact may be attributed to physiological constraints 
(Anthony N. Carlsen et al., 2004b; Valls-Sole, 2012; Valls-Solé et al., 1999). 
Although the subcortically stored motor program theory has received support from 
several studies, one should keep in mind that it is inconsistent with recent studies on well-
learned ballistic movements.  Desmurget and Turner (2010) have illustrated that ballistic and 
well-learned movements are likely to be generated in the cortex.  They demonstrated this by 
inactivating, in two monkeys, the sensorimotor territory of the globus pallidus intermus (sGPi).  
This is said to be the main basal ganglia output, which is seen in Figure 1.  The basal ganglia has 
been proposed to have a critical role in the storage and execution of motor responses.  The 
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impairment of the sGPi demonstrated a slowing of individual movements, however, the ability 
to produce motor sequencing was preserved.  These results indicate that the basal ganglia does 
contribute to motor execution, although not to motor sequencing.  Gervai and colleague’s (2007) 
review of the current literature supports these findings that the ballistic movements that are well-
learned are most likely generated in the cortex.  Other studies have shown support for motor 
programs to be stored cortically such as (Alibiglou & MacKinnon, 2012) study exploring the 
delay by transcranial magnetic stimulation (TMS) and the early release of planned movement by 
acoustic startle.  They investigated the role of the cortex in the early release of responses by 
suppressing voluntary drive.  This was achieved by applying TMS over the primary motor 
cortex in the reaction period for a ballistic wrist movement task.  The participants received a 
subgroup of trials that included different combinations of the LAS and TMS being presented at 
different times.  The results indicated that when the TMS and LAS were presented together there 
was a significant delay in the early release of planned movements.  They found that there was no 
influence to the startle reflex pathways when a TMS to the primary motor cortex (M1) was 
delivered prior to a LAS.  However, it was shown that this reduced the facilitated-reaction 
effect.  This study shows support for the release of early movements, specifically targeted 
ballistic wrist movements, being mediated by the primary cortex.   
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Figure 1. Diagram depicting the mutual relationship between the GPi and the basal ganglia. 
Adapted from “Cortical and basal ganglia contributions to habit learning and automaticity,” by 
F. Ashby, B. Turner, and J. Horvitz, 2010, Trends in cognitive sciences, 14(5), p. 208-215.  
Marinovic et al. (2014) examined the effects of corticospinal excitability during 
anticipatory actions to determine if a LAS has an inhibitory or excitatory effect on cortical areas 
during movement preparation.  As a LAS has been reported to suppress motor cortex 
excitability, an early release could be interpreted as pre-planned action which is stored and 
triggered sub-cortically, and independent of the motor cortex.  This was investigated Marinovic 
et al. (2014) by probing changes in corticospinal excitability motor evoked potentials (MEP) 
after the presentation of an acoustic stimulus, using Transcranial Magnetic Stimulation (TMS) 
and Transcranial Electrical Stimulation (TES) presented during movement preparation.  These 
devices were used to assess changes in cortical (TMS) and subcortical (TES) areas as TES is 
said to bypass the soma and activate the axon or corticospinal neurons (Paulus, 2011).  The 
results show the effects of a LAS on cortocospinal excitability are influenced by the level of 
readiness for the movement and, therefore, can either have inhibitory and facilitatory effects (see 
Figure 2).  These findings suggest that the early release of motor response by a LAS involves the 
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motor cortex.  In part, these results contradict the conclusions of Furubayashi et al. (2000) who 
found a LAS to have an inhibitory effect on motor cortex excitability.  Although, the exact 
mechanisms of the facilitated-reaction effect are still unclear, this recent study performed by 
(Marinovic et al., 2014) provide and interesting alternative explanation for this effect.   
 
Figure 2. A, diagram illustrating activation increasing monotonically until it crosses the 
command generation threshold. B, preparatory activation increasing monotonically until the 
LAS adds additional activation which makes the response circuit reach the threshold much 
sooner. Adapted from “ Corticospinal modulation induced by sounds depends on action 
preparedness,” by W. Marinovic, J. Tresilian, A. de Rugy, S. Sidhu and S. Riek, 2014,  The 
Journal of Physiology, 592, p. 153-169. 
Stevenson et al. (2014) provide further support that the facilitated-reaction effect being 
released cortically.  The facilitated-reaction effect was examined using a speech production RT 
task, Speech production is which was believed to be cortically mediated.  The results indicate 
that speech production during the RT task can significantly anticipate movement onset.  As 
speech production is largely believed to be a cortical process, earlier onsets are evidence that 
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supporting cortical triggering of the facilitated-reaction effect.  Collectively, these results, 
contradict the conclusions of Furubayashi et al. (2000), who found a LAS to have an inhibitory 
effect on motor cortex excitability.  Although, the exact mechanisms of the facilitated-reaction 
effect are still unclear, these recent studies performed by Marinovic et al. (2014) and Stevenson 
et al. (2014) provide and interesting alternative explanation for this effect.  They suggest the 
LAS acts as a faster non-voluntary release for prepared actions; although, the initiation ensues 
through the same cortical pathways used in voluntary movement initiation (Stevenson et al., 
2014).  As discussed, these findings suggest that there are fundamental differences between the 
two suggested mechanisms for why the Facilitated-reaction effect occurs. 
Previous Research of Electric and Acoustic Stimulation  
Eye Blink reflex and electric stimulation. 
The Facilitated-reaction effect has predominantly been explored using acoustic 
stimulation (Valls-Sole, 2012), and more recently using mechanical perturbation (Campbell et 
al., 2013).   Campbell et al. (2013) use of mechanical perturbation to facilitate the early release 
of prepared responses was very ineffective, as it only lasted one trial.  Ravichandran, Honeycutt, 
Shemmell, and Perreault (2013) were more effective with their use of elbow perturbation to 
elicit the facilitated-reaction effect.  In this study participants responded to an auditory "go" 
stimulus with a ballistic movement.  In the startle trials, an elbow perturbation was presented 
concurrently to the "go" stimulus.  The results indicated that elbow perturbations can trigger the 
early release of prepared responses and the SCM muscle, which is an indication that the 
facilitated-reaction effect had occurred (Anthony N. Carlsen et al., 2004a).  This study's findings 
indicate that the facilitated-reaction effect can be elicited by sensory modalities other than 
auditory stimulation.    
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Even though the use of electric stimulation to facilitate the release of prepared responses 
has never been examined, prior evidence has indicated that the effect may be possible.  Electric 
stimulus has been used to elicit an Eye Blink reflex (Sambo, Forster, Williams, & Iannetti, 
2012).  Electric stimulation was administered to the median nerve, the intensity of which was 
adjusted for each participant (between 20 - 80 mA, mean of 42.4mA).  Electromyograpic (EMG) 
activity was measured from the oculi and the orbicularis muscle.  Results showed that electric 
stimulus administered to the median nerve at the wrist often elicits a blink reflex, which is often 
referred to as hand blink reflex (HBR).   As with the acoustic reflex, the hand blink reflex is a 
defensive response and is an indication that person has been startled (Sambo et al., 2012).  The 
Eye Blink reflex is the most common gauge of the startle reflex due to its dependable elicitation 
(Anthony N Carlsen, Lam, Maslovat, & Chua, 2011).   This is substantiated by Álvarez-Blanco 
et al. (2009) who showed that the classic startle reaction elicited by electric stimuli delivered 
similar responses to those that had been induced by auditory stimuli.  Together these findings 
suggest that electric stimulation could, in principle, be used to elicit the early release of prepared 
motor responses.  As electric stimulation can elicit an eye blink and this reflex may share neural 
pathways with the facilitated-reaction effect, it is thus reasonable to believe that electric stimulus 
would be effective in producing earlier and more forceful responses.   
Electric startle and stimulus intensity. 
A number of studies have demonstrated the importance of stimulus intensity on force 
output (Angel, 1973; Coombes, Janelle, & Cauraugh, 2009; Jaśkowski, Rybarczyk, Jaroszyk, & 
Lemański, 1995).  This is a common feature of motor responses in the facilitated-reaction effect 
literature (Kumru and Valls-Sole, 2006; Tresilian and Plooy, 2006; MacKinnon et al., 2007; 
Rogers et al., 2011; Marinovic et al.,2013), suggesting that the intensity of the acoustic stimulus 
could lead to larger responses.  However, it has been suggested that facilitated-reaction effect is 
10 
 
different from the well-accepted effects of stimulus intensity of reaction time (Anthony N. 
Carlsen et al., 2007). For example, Anthony N. Carlsen et al. (2007) proposed that these two 
phenomena involve separate circuits, even though it has been well-supported that other 
commonalities exist.  Anthony N. Carlsen et al. (2007) argued that the release of prepared 
responses is due to involuntary triggering not the stimulus intensity effect.  They attempted to 
demonstrate this with a RT with five blocks of varying stimulus (83 -123 dB).  Participants 
performed 50 ballistic wrist extensions in response to the varying auditory stimulus.  The results 
indicated that reaction times did not change over time when the sternocleidomastoid muscle was 
activated by an LAS of different intensities (what they claimed was a true indication of a startle 
response), whereas a gradual reduction of reaction times was evident in the absence of SCM 
activity (stimulus intensity facilitation).  These results, therefore, led Carlsen et al (2007) to 
suggest that stimulus intensity facilitation was different from startled responses.  However, it 
could be argued that it is difficult to draw these conclusions from their data as they used a 
limited amount of trials (5 trials per experimental condition) and for one critical condition, the 
authors only managed to collect one trial from all participants.  It is plausible that this caused the 
lack of modulation of reaction times when SCM was activated.    
The findings by Jaśkowski et al. (1995) provided support for the facilitated-reaction 
effect and stimulus intensity effect sharing other commonalities.  It was shown that acoustic 
stimulus intensities affect not only reaction time but force exerted as well.  Jaśkowski et al.’s 
(1995) results support these findings, revealing that increasing the intensity for auditory stimulus 
increases the force output Jaśkowski et al. (1995) used a simple reaction time task to investigate 
stimulus intensity for auditory and visual stimuli.  Participants were required to lie down on a 
couch with the stimulus above them and respond to the go signal by tapping their right finger on 
to a mechano-electrical converter.  In the first experiment 15 participants responded to a visual 
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stimulus which was a yellow light-emitting diode.  Ten intensities were used in a series of 
blocks, ranged from -0.5 to 3.3 log cd/m
2
.  In the second experiment (15 participants), the same 
methodology was used however this time with acoustic stimuli.  Ten intensities were used that 
ranged from 47 to 102 dB (A).  These results indicate that reaction time decreases with the 
increase of the level of acoustic stimulation (see Figure 3B) but the output force exerted 
increased linearly with intensity, see Figure 3A (Angel, 1973; Stahl & Rammsayer, 2005). 
Surprisingly, these results did not transcend to visual intensity.  When the intensity of the visual 
stimuli was increased force did not increased (see Figure 3C).  Although, similar to acoustic 
stimuli, when the intensity of the visual stimuli increased the reaction time decreased (see Figure 
3D).  This evidence suggests that the production mechanisms of these two phenomena may 
overlap more than initially thought.  I investigate this issue further using electric stimulation in 
my Experiment 2.   
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Figure 3. Force amplitude (A) and reaction time (B) as a function of LAS stimulus intensity. 
Force amplitude (C) and reaction time (D) as a function of visual stimulus intensity dapted from 
Adapted from “The effect of stimulus intensity on force output in simple reaction time task in 
humans,” by P. Jaśkowski, K. Rybarczyk, F. Jaroszyk and D. Lemański, 1995, Acta 
neurobiologiae experimentalis, 55(1), p. 57-64. 
Stimulus intensity process model. 
Sanders (1983) suggest that the processing of stimulus relies on three interrelated 
supplies which include arousal, activation and effort.  The Sander’s model (1983) proposes that 
arousal can contribute to activation which in turn is connected to the motor preparation stage 
(Jaśkowski et al., 1995).  According to this model, participants will respond more powerfully if 
their motor preparation stage is at a higher level of activation.  It is suggested that this higher 
level activation can be created by an increasing the level of arousal.  Consequently, the model 
  
A B 
C D 
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can help to explain why louder acoustic stimuli elicit a higher force from participants.  On the 
other hand, visual stimuli are considered to be non-arousing and consequently do not have a 
high level of activation.  As a consequence, participants would respond normally rather than at a 
more powerful rate.  This offers an explanation for the lack of an intensity effect on force when 
Jaśkowski et al. (1995) increased the intensity of visual stimuli.  Applying this model to electric 
stimuli, if the electric stimulus was arousing enough, more force should be exerted when the 
stimulus intensity increases.    
As stimulus intensity influences both the likelihood of eliciting a startle response as well 
as its magnitude, it is one of the most significant contributors in achieving an accurate and 
robust response (Anthony N. Carlsen et al., 2007; Anthony N. Carlsen et al., 2011).  Therefore 
given the importance of stimulus intensity and the difference in findings between acoustic and 
visual stimulus it needs to be determined if: (a) electric stimulation can elicit the early release of 
motor responses (Experiment 1) and (b) if response output scales with stimulation intensity 
(Experiment 2).   
The Current Project 
The aim of Experiment 1 is to determine if electric stimulation can be as effective as 
acoustic stimulation to elicit the early and more forceful initiation of motor actions during their 
preparation.  Based on the findings of Sambo et al. (2012), that electric stimulus can elicit an eye 
reflex, it is hypothesized that electric stimulation will produce early response of movement 
preparation and consequently a faster reaction time.  In Experiment 2, I sought to determine the 
parameters for the electric stimulation, and whether increasing the intensity would also increase 
the magnitude of the effect.   Given electric stimuli can elicit a facilitated-reaction effect it is 
predicted that the more intense the electric stimulus the faster reaction time and greater force 
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exerted.  Finally, the third experiment will investigate whether the effect can be elicited when 
we stimulate mainly skin receptors as opposed to the belly of the muscle, where we stimulate 
skin receptors and other sensory organs in the muscle.  It is hypothesized that early and more 
forceful responses of motor actions will occur when either the skin receptors or muscle are 
stimulated.   
 Method 
Contributions 
The current experiments were jointly conceived by my supervisor and I, including the 
specific experimental designs.  The initial MatLAB script and statistical analysis script were 
programmed by my supervisor.  I was responsible for recruiting and testing all of the 
participants, setting up and recording the equipment, testing participants and collecting data, 
post-test trial analysis, and modifying the code for running the statistical analysis of the data.   
Participants  
Fifteen volunteers (4 females) participated in Experiment 1 (mean age = 27.13, SD = 
7.34).  Twenty-five volunteers (4 females) participated in Experiment 2 (mean age = 23.96, SD 
= 6.58), nine of whom had also participated in Experiment 1.  Twelve volunteers (3 females) 
participated in Experiment 3 (mean age = 25.42, SD = 7.10), seven of whom had also 
participated in Experiment 2 (2 females).  Seven volunteers that participated in Experiment 3 
had also participated in Experiment 1 (2 females).  Participants in all three studies were recruited 
through the SONA system (first year participant pool who participated for course credit) and 
acquaintances of the experimenters.  These included the author and the project's supervisor.  All 
other participates were naïve to the experiment’s aims.  All participants were right-handed and 
had normal or corrected to normal vision.  Participants gave informed consent prior to 
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participating, in accordance with the Declaration of Helsinki and approved by the local Ethics 
Committee of the University of Queensland.   
Procedures 
In Experiment 1, before the procedure started the participants were presented with the 
LAS to ensure the stimulus was not too loud for them to continue.  Once the participants agreed 
to continue with the study the electrodes were placed on them.  In Experiment 1 and 2, the 
electrodes were placed on their left lower medial biceps for the electric stimulus.  In Experiment 
3, electrodes for the electric stimulus were placed on both the left lower medial biceps and the 
skin over the ulnar bone, just before the wrist.  The electrodes placed over the ulnar bone were 
tested by administering the electric stimulus (20mA) to ensure no movement of any muscle 
occurred.  If there was an indication of a movement the electrodes would be removed and 
applied again until no movement occurred.  In all the experiments, electrodes were placed on 
both elbows (for the ground), right lower medial biceps and left sternocleidomastoid muscle 
(SCM) (for the EMG data).   Each electrode was tested to ensure it was placed correctly by 
using an oscilloscope monitor.  Once the electrodes were in place, the participants were 
administered the highest electric intensity to ensure they would be able to continue with the task.   
For Experiment 1, the highest stimulus was selected by each participant, in Experiment 2 and 3 
the highest stimulus was 20mA.   
Once approval was given to continue with the experiment participants were seated 0.9m 
away from the monitor screen in a chair that had support for both arms.  This ensured the hands 
remained in a consistent position throughout the experiment.  The participants were required to 
complete a simple reaction time task, which involved a supination of their right arm that held a 
manipulandum attached to a potentiometer.  A green square (100 x 100 pixels) - warning stimuli 
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was presented on a 19-in. monitor screen (60 Hz refresh rate, 1280 x 1024 resolution) and after 
randomly allocated time (between 1.5 and 3 seconds), the imperative stimulus - a red square 
(100 x 100 pixels) - was presented.  The visual stimuli and sounds were generated with Cogent 
2000 Graphics which ran in MATLAB 7.5.  The participants were required to react to the red 
square with a constant, brief and consistent contraction during the experiment.  They were 
advised to activate their right biceps muscle when they supinated their arm and then relax it after 
the movement was made.  They were also instructed to be consistent with the amount of force 
used for supination.  Feedback about reaction time was displayed on the screen after each trial 
(except during electric or acoustic startle trials).   
Prior to the experimental block of trials, the participants were given 40 practice trials 
with no acoustic or electric stimulation.  The participants trained to complete the above outlined 
movement and were given verbal feedback when necessary.  Verbal feedback included 
comments such as ‘try to get as close to 200ms premotor reaction time as possible’, ‘can you 
contract your biceps muscle more when you make the supination’ or ‘try to relax your biceps 
muscle after you have made the movement’.   
Loud Auditory Stimuli 
The LAS has a peak loudness of 114 dB (50 ms, white noise burst) and was presented 
binaurally via stereophonic headphones (frequency response 16 Hz-22 kHz; Sennheiser model 
HD25-1 II; Sennheiser Electronics GmbH & Co.KG, Wedemark, Germany) generated by a 
digital computer.  The input signal to the headphones has a bandwidth of approximately 10 Hz-
30 kHz.   To measure the LAS a Brüel and Kjaer sound level meter (type 2205, a weighted; 
Brüel & Kjaer Sound & Vibration Measurement, Naerum Denmark) was placed 2cm away from 
the headphone speaker.   
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Electric Stimuli 
The electric stimulus, or stimulation, (2 ms) was generated by a Digitimer Constant 
Current Stimulator (Digitimer Ltd., Model DS7A).  The Electrodes that were used were Kendall 
ECG Electrodes (Covidien, H124SG Mousse Hydrogel 30mm x 24mm).  The electrodes were 
tested to ensure they were in the correct place using an oscilloscope EMG monitor (Hwelett 
Packard, model 54602B 150 MHz, Astro-Med Inc Grass).   
Data Collection and Analysis 
All data collection was performed using a custom LabVIEW software (version 8.2, 
National Instruments).  The torque data were collected using a potentiometer and were filtered 
with a low-pass-band second-order Butterworth filter that had a cutoff frequency of 20 Hz.  
Movement onsets were approximated from the tangential speed time series, which was derived 
by numerical differentiation from the filtered torque data.  This was completed using the 
algorithm recommended Teasdale, Bard, Fleury, Young, and Proteau (1993).  Data for EMG 
was documented from FCR and OOc were full-wave rectified and digitally enclosed by dual 
pass through a low-pass, second-roder Butterworth filter.  For FCR, the filter had a 51-Hz 
cutoff, making a dual pass equivalent to a fourt-order, zero-phase lag filter with a 40-Hz cutoff.  
For OOc, the filter had a 61-Hz cutoff (equivalent to 4
th
-order, zero-phrase lad filter with a 50-
Hz cutoff).  Measures of EMG maximum, onset and offset time were collected for each trial 
from the enveloped EMG data.  The EMG onsets and offsets were estimated by the same 
algorithm employed for estimating the torque onset.   
The variables of interest included: peak EMG, time to peak EMG, premotor reaction 
time.  Peak EMG was defined as the maximum point of the corrected EMG signal of the lower 
medial biceps muscle.  As such, time to peak EMG was defined here as time taken to reach the 
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maximum point of EMG.  Participants were given feedback about their reaction based on the 
potentiometer data during the experiment, however, for data analysis we used the premotor 
reaction time calculate based on EMG onset for consistency with previous reports in the topic.  
The premotor reaction time was defined as the interval from the appearance of the stimulus to 
the onset of EMG activity in the right medial biceps muscle.   
Firstly, all of the variables were checked for normality using the Shapiro-Wilk test.  
When the assumption of normality was met differences between means were tested using t-tests.  
When the assumption of normality was violated the Wilcoxon Signed-ranks was employed for 
comparisons between two means and the exact P values.  Mauchly’s test of sphericity was used 
and when necessary the corrected degrees of freedom were used. Repeated measures ANOVAs 
were employed to examine differences among three or more means.  If significant these were 
followed up with post hoc comparisons using the Tukey HSD test to evaluate which conditions 
were significantly different from each other.  Alpha was set to 0.05 for all comparisons.  The 
analysis was conducted using R Studio statistical software.   
Experiment 1: Acoustic compared to Electric Stimuli in a Simple Reaction Task.   
Procedure 
The intensity of the electrical stimuli for this experiment was selected by the participants.  
Participants were asked to ‘go as high as you can handle without it being painful, it should be 
uncomfortable but not painful.’ The participants’ intensity was selected by the electric stimuli 
being administered at an increasing rate of 1 mA per stimulation until the participant had 
reached their desired intensity.  Once this occurred the participants were administered their 
desired intensity plus 1 mA to ensure they couldn’t go any higher.  The experiment included 120 
trials, the participants were instructed to react consistently with the red square regardless if the 
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stimulus was administered (See Figure 4).  The LAS or electric stimulus were presented 10 
times each for which the feedback was withheld.  The electric and acoustic stimuli were never 
presented simultaneously or sequentially.  The remaining 100 trials were control trials where 
reaction time feedback was provided.   
 
Figure 4. Sequence of the events during LAS and electric stimulus trials. The warning stimulus 
was presented a 0 – 200 ms followed by a black screen for a variable amount of time. In the 
acoustic trial the LAS was presented 3000 – 3500 ms after the black screen. In the electric trial 
the electric stimulus was presented 3000 – 3500 ms after the black screen. 
Results 
Premotor reaction time.   
A repeated measures ANOVA was conducted to compare the effects of type of 
stimulation on reaction time in control, LAS and electric conditions.  There was a significant 
main effect of the type of condition F(2, 28) = 45.05, p < .001, η2 = 0.55.  Post hoc comparisons 
using the Tukey HSD test indicated that the mean RT was slower for the control condition (M = 
176.68, SD = 20.71) than it was for either the LAS (M = 116.51, SD = 18.72) or electric 
conditions (M = 127.64, SD = 15.63), see Figure 5.  However, the LAS condition did not 
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significantly differ from the electric condition.  These results suggest that responses for both 
LAS and electric trials the reaction times were reliably earlier than those obtained in the control 
condition where no startling stimulus was delivered.   
 
Figure 5. Average premotor reaction time (ms) as a function of trial type.  
Premotor reaction time electric and acoustic correlation. 
In order to assess if there was any association between electric and LAS premotor 
reaction times, a Spearman's rank correlation was conducted on these trials.   It was found that 
the when people's reaction times were faster for the electric condition they were also faster for 
the acoustic condition, r (13) = .68, p = .006 (see Figure 6).  These results seem to suggest that 
the level of responsiveness to the accessory acoustic or electric stimulation might depend on a 
common source.   
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Figure 6. Relationship between reaction time in electric trials and premotor reaction time in 
LAS trials.  
Peak EMG.   
A repeated measures ANOVA was conducted to compare the effects of type of 
stimulation on peak EMG in control, LAS and electric trials.  There was a significant main 
effect of the type of stimulation F(2, 28) = 4.79, p = .016, η2 = 0.01.  Post hoc comparisons 
using the Tukey HSD test failed to detect where the difference between the means were.  Thus, 
the ratios of type of trial compared to control trial were analyzed.  This is a normalized measure 
of how much force participants exerted during LAS and Electric trials.  Mean ratios were 
compared with t-tests to compare the ratios of electric and acoustic stimuli against a reference 
value of 1 (> 1 = more forceful responses, < less forceful responses)(see Figure 7B).  There was 
a significant difference in the scores for electric stimulus (M = 1.30, SD = .40) compared to 
control, t(14) = 3.22, p  = .006, 95% CI [1.07, 1.50].   There was also a significant difference in 
the LAS means (M = 1.17, SD = 0.28) compared to control conditions, t = 2.13, df = 14, p = 
.036, 95% CI [0.99 to 1.33].  These results indicate that early responses triggered by electric and 
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acoustic stimulus are likely to elicit a more forceful response than those trials that have no 
stimulus.   
 
 
 
 
 
 
 
Figure 7. A. Average peak EMG (mV) as a function of trial type. B. Peak EMG ratio (EMG 
LAS/ EMG control) as a function of Type of trial.  
Time to peak EMG.   
Data were analyzed using repeated measures ANOVA to compare the effects of type of 
stimulation on time to peak EMG in control, LAS and electric. There was no significant main 
effect of type of stimulation, F(8.82, 17.64) = 0.53, p = 0.599, η2 = 0.01.  Thus, we failed to 
detect any statically significant differences between control, LAS or electric in time to peak 
EMG (see Figure 8).  These results indicate that across all three tasks the time taken to reach the 
maximum point of EMG was comparable.   
A B 
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Figure 8. Time to peak EMG (ms) as a function of type of trial.  
Discussion Experiment 1 
The results of this experiment provide support for electric stimulation being as effective 
as acoustic stimulation in the release of early motor responses.  This was indicated by both the 
increase of reaction time speed and the amount of force exerted to produce the responses.  The 
lack of differences between experiment and control conditions supports the occurrence of the 
facilitated-reaction effect rather than just a reflex occurring.  Based on these results and their 
support for the effectiveness of electric stimulus to elicit the facilitated-reaction effect we 
wanted to further examine the parameters of electric stimulus for the facilitated-reaction effect.  
Specifically, if stimulus intensity will affect the speed of reaction time and the force of the 
movement exerted.    
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Experiment 2: Electric Stimuli and Investigating Stimulus Intensity 
Procedure 
This experiment included four blocks (40 trials per block) where the electric stimulation 
intensities were 2.5, 5, 10 and 20mA. These intensities were set for each participant and the 
order they were administered in was counterbalanced.  This experiment only included electric 
stimulation.  Participants performed 160 trials in four blocks, in each block the electric stimuli 
intensities were presented 8 times each (total 32 electric stimuli), for trail sequence see Figure 9.  
The remaining 128 trials were control trials where participants received feedback about their 
reaction times as per experiment 1.  Participants were offered a break after each block of trials.  
If they decided to have a break they were allowed a 30 second break before the next trial started.  
As there was no acoustic stimulation in this experiment participants were required to wear 
industrial head phones (Cigweld, 455276) to ensure consistency between experiments.   
 
Figure 9. Sequence of the events during the electric stimulus trials. The warning stimulus was 
presented a 0 – 200 ms followed by a black screen for a variable amount of time and the electric 
stimulus was presented 3000 – 3500 ms after the black screen.  This was consistent for all of the 
eclectic startle trials. 
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Results 
Premotor reaction time.   
A repeated measures ANOVA was conducted to compare the effects of the intensity of 
the electric simulation on the reaction time.   A significant main effect stimulus intensity of 
condition F(15.64, 62.56) = 23.23, p < .001, η2 = 0.29.  Post hoc comparisons were conducted 
using Tukey HSD which indicated the mean scores for control conditions (M = 218.00, SD = 
22.68) were not significantly different from the 2.5 mA condition (M = 192.90, SD = 65.04).  
However, the control condition was significantly different from the 5 mA condition (M = 
175.80, SD = 56.84), the 10 mA condition (M = 145.50, SD = 42.08) and the 20 mA condition 
(M = 135.70, SD = 37.32), see Figure 10.  Other conditions that significantly differed from each 
other included; the 2.5 mA condition from the 10 mA condition and the 20 mA condition from 
both the 2.5 mA and 5 mA conditions.  All other conditions did not differ statistically.   
 
Figure 10. Premotor reaction time (ms) as a function of intensity of stimulus.  
Given the work of Jaśkowski et al. (1995), one would expect not only that electric 
stimuli would result in faster reactions from the participants but also that reaction time would 
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shorten as the intensity of the stimulus increased.  To assess this possibility, a repeated measures 
ANOVA was conducted without control trials to examine the effect of stimulus intensity using 
polynomial contrasts (adjusted for unequal intervals between the intensities) to check for reliable 
trends.  The omnibus ANOVA was statistically reliable (F(2.13, 49.18) = 12.71, p  < .001, η2 = 
0.36) and, as predicted, so was the linear trend (F(1, 23) = 39.72, p < .001, η2 = 0.63) (no other 
possible trends were significant).   
Peak EMG.  
A repeated measures ANOVA was conducted to compare the effects of stimulus 
intensity on peak EMG.  There was a significant main effect of the intensity of stimulation 
F(4,92) = 3.46, p < .011, η2 = 0.03.  Post hoc comparisons using the Tukey HSD test failed to 
detect where the difference between the means were.  Thus, the ratios of type of trial compared 
to control trial were analyzed using Wilcoxon tests against a reference value of 1, see Figure 
11B.  A Wilcoxon Signed-ranks test indicated that compared to control conditions 2.5 mA 
condition (Mdn = 1.08, p = .023, 95% CI [0.97, 1.85]) and 5 mA condition (Mdn = 1.17, p = 
.005, 95% CI [1.00, 1.85]) were not significantly different from 1, although, the 5 mA condition 
was approaching significance.  A Wilcoxon Signed-ranks test showed the 10 mA condition 
(Mdn = 1.27, p = .014, 95% CI [1.07, 1.49]) and the 20 mA condition (Mdn = 1.29, p < .001, 
95% CI [1.07, 1.63]) were significantly different from 1.  These results indicate that when the 
electric stimulation was presented in the two lower intensity conditions (2.5 mA and 5 mA) the 
forcefulness of responses were not significantly different from baseline levels (or 1 in this case).  
Conversely, when the electric stimulation was presented in the higher intensity conditions (10 
mA and 20 mA) the forcefulness of responses were significantly different from baseline (>1).   
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Figure 11. A. Peak EMG (mV) as a function of type of trial. B. Peak EMG ratio (EMG LAS/ 
EMG control) as a function of intensity of stimulus.  
As for premotor reaction time, a linear trend for the ratio of peak EMG could also be 
expected.  In this case, however, the repeated measures ANOVA did not indicate a significant 
difference among the four conditions (F(2.01, 46.31) = 1.21, p = .307,  η2 = 0.05 ), even though 
these ratios showed responses that were larger than baseline levels and seems to increase as 
intensity increased.   
Time to peak EMG 
Data were analyzed using a repeated measures ANOVA to compare the effects of 
stimulation intensity on time to peak EMG in 2.5 mA, 5 mA, 10 mA and 20 mA conditions.  
There was no significant main effect of intensity of stimulation on time to peak EMG, F(13.11, 
55.44) = 0.60, p = .666, η2 =  0.01.  Therefore, we failed to detect any statically significant 
differences between control, 2.5 mA, 5 mA, 10 mA and 20 mA, see Figure 12.  These results 
 
A B 
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suggest that the time taken to reach the maximum point of EMG was comparable across all five 
conditions.   
 
Figure 12. Time to peak EMG as a function of intensity of stimulus. 
Discussion Experiment 2 
The results of Experiment 2 further confirm the use of electric stimulation to elicit the 
facilitated-reaction effect.  Additionally, these results demonstrate that as the intensity of the 
electric stimulation increases as does the speed of reaction times and the force of the movements 
exerted.   Experiment 1 and 2 illustrated that if you stimulate the belly of the muscle with 
electric stimulation you will get facilitation of motor responses.  Experiment 3, I will investigate 
what is actually driving this effect.   If the skin receptors can solely cause the increase in neuro-
activity to induce the effect.   However, if it is any other structure in the muscle (or motor 
neurons) then it will only happen when we stimulate combination of both the skin receptors and 
the muscle.   
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Experiment 3: Electric Stimuli, Bone vs Bicep 
Procedure 
Participants performed 80 trials over 2 blocks (40 trials per block).  The electric stimulus 
was administered over the lower left biceps muscle in one block and the left ulnar bone in the 
other block.  The order of which electric stimulation (bone or biceps) was administered first was 
counterbalanced.  The electric simulation was administered 6 times per condition (total of 12 
electric stimuli), for sequence of event see Figure 13.  The remaining 62 trials were control trials 
where the participants received visual feedback on their reaction times.  Similar to Experiment 2 
participants were also offered a break between block 1 and block 2.  Participants were required 
to wear industrial head phones (Cigweld, 455276).   
 
Figure 13. Sequence of events during the bone and bicep stimulus trials. The warning stimulus 
was presented a 0 – 200 ms followed by a black screen for a variable amount of time. In the 
bone trial the LAS was presented 3000 – 3500 ms after the black screen. In the bicep trial the 
electric stimulus was presented 3000 – 3500 ms after the black screen. 
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Results 
Premotor reaction time. 
A repeated measures ANOVA was conducted to compare the effects of type of condition 
on reaction time in control, Biceps and Bone.   There was a significant main effect of the type of 
condition F(2, 22) = 46.23, p < .001.  Post hoc comparisons using the Tukey HSD test indicated 
that the mean premotor RT for the control condition (M = 207.04, SD = 22.09) was significantly 
slower than in the Biceps (M = 118.05, SD = 22.28) and Bone conditions (M = 137.77, SD = 
26.76), see Figure 14.  However, the Biceps condition did not significantly differ from the Bone 
condition.  These results suggest that in both Biceps and Bone conditions there were a greater 
number of responses being released earlier compared to the control condition where there was 
no startling stimulus delivered.   
 
Figure 14. Premotor reaction time (ms) as a function of type of trial.  
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Peak EMG.   
A repeated measures ANOVA was conducted to compare the effects of type of 
stimulation on peak EMG in biceps and bone conditions.  There was a significant main effect of 
the type of stimulation F(2, 22) = 4.78, p = .018.  Post hoc comparisons using the Tukey HSD 
test failed to detect where the difference between the means were.  Thus, the ratios of type of 
trial compared to control trial were analyzed, (see Figure 15B). A t-test was conducted to 
compare the ratios of biceps stimuli against a reference value of 1 (> 1 = more forceful 
responses, < 1 = less forceful responses).  There was a significant difference in the scores for the 
biceps condition (M = 1.49, SD = 0.73), t(11) = 2.33, p = .040, 95% CI [1.03, 1.96].  The 
Shapiro-Wilks test for bone indicated that the data was not normally distributed.  Therefore, I 
used the Wilcoxon Signed-ranks test which indicated that the bone condition (M = 1.61, SD = 
0.96) was statistically different from 1, Mdn = 1.38, p < .000, 95% CI [1.14, 1.77].   These 
results indicate that early responses triggered by biceps and bone stimuli are likely to elicit a 
more forceful response than those trials that have no stimulus.   
 
 
 
 
 
 
 
Figure 15. A. Peak EMG (mV) as a function of type of trial. B. Peak EMG (EMG LAS/ EMG 
control) as a function of type of trial.  
A B 
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Time to peak EMG. 
Data were analyzed using a repeated measures ANOVA to compare the effects of type of 
stimulation on time to peak EMG in control, Biceps and Bone.  There was no significant main 
effect of type of stimulation, F(2, 22) = 1.36, p = .043.  Thus, we failed to detect any statically 
significant differences between control, Biceps or Bone in time to peak EMG, see Figure16.  
These results indicate that across all three tasks the time taken to reach the maximum point of 
EMG was comparable.  
 
Figure 16.Time to peak EMG (ms) as a function of type of trial. 
Discussion Experiment 3 
The results of Experiment 3 illustrated that the effect occurred when both the muscle and 
the bone were stimulated.  This shows that the skin receptors are one of the main contributes of 
the effect.  It seems to suggest that the electric stimulation of the skin receptors are enough to 
increase the activation in the system to produce the effect.    
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General Discussion  
The primary aim of the experiments was to determine if electric stimulus was as 
effective as acoustic stimulus at eliciting the early release of prepared responses (Facilitated-
reaction effect).   In Experiment 1, we examined this by testing the effects of accessory acoustic 
or electric stimulation on reaction time when participants responded to a visual stimulus. In 
doing so we have shown the efficacy of electric stimulation to elicit the early release of prepared 
responses.  In Experiment 2, we investigated the parameters of the electric startle in the context 
of the facilitated-reaction effect by varying the stimulus intensity. The results are consistent with 
Sander’s model (1983) which demonstrated that the increase of electric stimulation can produce 
faster response times and exert more force.  Lastly, in Experiment 3 it was demonstrated that 
electrically stimulating skin receptors was as effective as stimulating the skin receptors located 
on top of the muscles.  This study demonstrates a novel variation to the facilitated-reaction 
effect and provides a greater understanding of the parameters of this effect.  These results 
provide significant contribution to the facilitated-reaction literature which could have a practical 
impact in the design of rehabilitation protocols for stroke patients.    
Acoustic versus Electric Stimulation   
In Experiment 1, we sought to examine the effects that electric stimulation would have 
on the release of prepared responses.  Sambo et al. (2012) and Yeomans and Frankland (1995) 
have previously demonstrated the use of electric stimulation to elicit the human Eye Blink 
reflex.  As the Eye Blink reflex is an indicator of the facilitated-reaction effect, we predicted that 
electric stimulation would be able to produce the facilitation of motor actions as well.   The 
current study's results showed overwhelming support for the use of electric stimulation to elicit 
the early release of prepared responses.  The results of the first experiment show that electric 
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stimulation is as effective as acoustic stimulation at producing the release of prepared responses 
which was consistent with both the literature on the blink reflex and our predictions. This notion 
was further supported in startling trials by the observation of a faster reaction time and a more 
forceful motor response to the increasing intensity of stimulus.  Force as defined here is a higher 
peak EMG which indicates more muscle activation and consequently greater force exerted.   
There was no difference between the acoustic or electric startling conditions. This data 
provides support to the Ravichandran et al. (2013) findings that the facilitated-reaction effect 
can be elicited by other modalities of stimulation apart from auditory.  The data provides further 
support for the idea that the facilitated-reaction effect and eye blink responses have more 
overlapping mechanisms than previously believed.   None of these studies, however, assessed 
the effect of electric stimulation specifically for the facilitated-reaction effect. Consequently, the 
major strength of this study is that it demonstrates a novel protocol to elicit this effect.  This 
could have practical applications when applying this novel discovery to developing 
rehabilitation protocols for stroke patients.   
Effects of Electric Stimulation Intensity    
Experiment 1 established the effectiveness of using electric stimulation to elicit the 
facilitated-reaction effect. Our main objective was to investigate stimulus intensity facilitation 
effect by considering whether the increase in stimulus intensity would show an increase in force 
and speed of the reaction time.  Jaśkowski’s et al. (1995) and Cattell’s (1886) findings, as well 
as the Sander’s model (1983) of processing stimulus, all support the notion that electric stimulus 
is arousing. Thus, I predicted that the reaction time and force of the movement would increase 
with stimulus intensity. The general pattern of results supports this hypothesis that the response 
output scales with stimulus intensity.  More specifically, by increasing the electric stimulus we 
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observed a faster and greater response output for reaction time and force, respectively.  The 
highest intensity conditions (10 mA and 20 mA) compared to the lowest intensity conditions 
(2.5 mA and 5mA) is evidence of a faster response.     
Our results are consistent with the main body of literature investigating stimulus 
intensity facilitation (Angel, 1973, Jaśkowski et al., 1995, Coombes et al., 2009). Specifically, 
Jaśkowski’s (1995) auditory research showed that when stimulus intensity was increased, speed 
of reaction time and the force produced also increased.  Whereas, the visual stimulus 
demonstrated an increase in speed of reaction time but not force.  This could be explained by the 
Sanders model (1983) of processing stimulus which proposes that arousal, activation and effort 
are interrelated.  For example, visual stimulus may be considered non-arousing and 
consequently will not reach a higher level of activation resulting in a lower magnitude of force 
exerted.  This was evidenced by our Experiment 2 results, as the lowest intensities (2.5 mA and 
5 mA) produced a similar reaction time to the trials without any stimulation.  These 
results support the expectation that lower intensity stimuli would be less arousing.  As noted, 
this was not surprising as none of the participants in Experiment 1 selected an intensity below 5 
mA.  Further support to the hypothesis was illustrated by the two highest intensities (10 mA and 
20 mA), which produced more forceful motor actions and faster reaction times.    
Collectively, the aforementioned findings and our data supports the view that stimulus 
intensity facilitation shares common ground with the facilitated-reaction effect.  This is 
indicated by the commonality of these results; as the responses in both of these effects increase 
proportionally with stimulation intensity.  As such, a possible explanation is that these two 
effects have overlapping mechanisms observed with both electric and acoustic stimulus.  
Although, there are some disparities in the current literature, for instance Carlsen et al., (2007) 
suggests that stimulus intensity facilitation is different from startle responses.  However, this 
36 
 
conclusion was derived from a study that had a limited number of participants and 
trials.  Carlsen et al. (2007) only used 5 trials per experimental condition and one for the critical 
condition.  Hence, the data was collected over one trial from all participants.  This could have 
contributed to the lack of modulation of reaction times and could account for the discrepancies 
between our study and the findings presented by Carlsen et al. (2007).  
The intensities selected for use in this experiment were derived from Experiment 1 data 
and previous research.  The highest intensity (20mA) was the average selected from Experiment 
1 participants.  The next three intensities were used by halving the previous level (i.e. 10 mA, 5 
mA and 2.5 mA). In line with previous research, these intensities were selected to form four 
different conditions (Jaśkowski et al., 1995). Our research indicates by increasing stimulus 
intensity it is possible to modulate the magnitude of the facilitated-reaction effect. These 
findings could have two considerations for future research.  First, future research could aim to 
explore the relationship between these two effects by increasing the intensity intermissions to 
10mA intervals. Second, this could be further explored by investigating the effect of stimulation 
higher than 20 mA to see if this effect plateaus beyond certain intensity.  
Muscle versus Skin Receptor Stimulation 
Our experiments have illustrated similarity between electric and acoustic stimulation.  It 
was also found that stimulation intensity facilitation occurs for electric stimulus.  Therefore, for 
Experiment 3 we wanted to investigate the mechanisms involved in electric stimulation. We 
predicted that stimulating the skin receptors would be as effective as stimulating both the skin 
receptors of the muscle including the muscle itself.  Experiment 3 illustrates that the effect 
occurred when either the skin receptors over the muscle or the bone were stimulated.  As the 
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effect was shown when just stimulating the skin receptors it demonstrates that these structures 
alone can contribute in large part to the facilitation of motor actions by electric stimulation.  
  In Experiment 3, we determined that administering the stimulus to the skin receptors 
over bone was equally as arousing compared to skin receptors over muscle.  The Sanders model 
(1983) suggests that arousal contributes to activation, which is connected to the motor 
preparation stage.  With this in mind, it appears that the stimulation of the skin receptors is 
enough to increase the activation in the system.  The data supports this notion as stimulating the 
skin receptors produced equally forceful responses, as indicated by no difference in peak EMG.  
There was also no difference in premotor reaction time between the two conditions.  The 
practical implication of these findings is that motor action facilitation is not restricted to 
muscles.  
Overview of Experiments 1, 2 and 3  
Overall, these experiments provide support for the use of electric stimulation to produce 
the facilitated-reaction effect. They also offer insights into understanding how and why this 
occurs.   In all three experiments, the time to peak EMG (difference between movement onset 
and time of peak EMG) were consistent between experimental trials and control trials.  This is 
important as it shows that our results cannot be explained by the superimposition of a reflexive 
activation of the biceps muscle or preparation of a voluntary contraction (Marinovic, 2014).  If a 
superimposition had occurred then time to peak EMG burst would have been affected by the 
electric stimulation (e.g. longer time to peak EMG).   This illustrates that the facilitated-reaction 
effect is occurring rather than just a natural reflex action followed by the voluntary action.  The 
consistency of this finding provides strong evidence for the use of electric stimulation to elicit 
the facilitated-reaction effect.  
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Peak EMG was significantly larger for all three experiments in the experimental 
conditions: Experiment 1; electric and acoustic, Experiment 2; the two highest intensities 10 mA 
and 20 mA, and Experiment 3; bone and bicep.  This is commonly found in studies that use a 
LAS to release motor actions (Kumru and Valls-Solé, 2006; Tresilian and Plooy, 2006; 
Marinovic et al., 2013) and shows further support for the efficacy of electric startle to release 
motor actions.   It has been suggested that this can be explained by activation models (Marinovic 
et al., 2013; Marinovic et al.,2014).  The activation models suggest that the LAS adds to the 
activity that is already being built during preparation.  When the combination of activity from 
these two sources goes over the command generation threshold, the response is early release. 
The magnitude of this response is dependent on the amount that the threshold is surpassed 
(Marinovic et al., 2013; Marinovic et al.,2014).  Given the results reported here, electric 
stimulation could add to the normal preparation activity for the task as it was proposed for 
acoustic stimulation (Marinovic, 2014).     
Theoretical and Practical Implications    
Our findings provide evidence for the novel contributions of electric stimulation to 
produce the release of prepared responses.  Previous evidence has shown that the facilitated-
reaction effect can be produced using stimuli other than acoustic (Campbell et al., 2013; 
Ravichandran et al., 2013).  Although, electric stimulus has been used to elicit the classic startle, 
to our knowledge, the facilitated-reaction effect has yet been shown using electric stimulus.  The 
current study demonstrates that facilitated-reaction effect and the human Eye Blink startle have 
common features, even though it has previously been suggested that these two phenomena are 
controlled by different physical mechanisms (Maslovat et al., 2011).  
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The current study’s findings could be used for the development of stroke rehabilitation 
protocols.  Previous researchers (Kamper et al., 2002; Honeycutt and Perreault, 2012) have 
demonstrated the effectiveness of LAS triggering the early release of prepared responses of 
stroke survivors.  Stoke patients often have slow movements due to impaired reflex pathways. 
However, these findings demonstrate that the neural pathways used to elicit the facilitated-
reaction effect are still intact. This implies that electric stimulation could be incorporated into 
stroke rehabilitation programs to assist patients to regain control of their movement initiations. 
Through the facilitation of movement, electric stimulation may have the potential to induce 
neuroplasticity - the ability of synapses to strengthen overtime - and help stroke survivors to 
regain movement (Pascual-Leone, 2007). There are certain situations where using electric 
stimulation could be more effective than using acoustic stimulation in this context.  Depending 
on the stroke-affected part of the brain, the patient may have impaired audition and consequently 
the LAS may not have the desired effect.  In this case, electric stimulation could be used to 
trigger early prepared responses that could not be initiated through voluntary 
drive.  Additionally, electric simulation could be used as an alternative stimulation if someone is 
overly sensitive to acoustic stimulation.  
Limitations and Future Directions   
As a collection, these studies have established both novel theoretical findings and 
practical applications. This could see expansion of the relevant literature, as well as assistance 
with disabled stroke victims. That being said, some limitations exist which could be 
resolved.  Firstly, in Experiment 1, the stimulus intensity selected was determined from 
participants’ self-reported levels of discomfort.  This was selected by advising participants’ to 
“go as high as you can without it being painful”.  This phrase can be interpreted as ambiguous 
and subjective; and could mean different things to different people.  Due to individual 
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differences of discomfort tolerance, the intensities used had a large range, from 6 to 64 mA.  If 
some participants did not select an intensity as high as they could have, this could have resulted 
in a diminished electric stimulation effect.  The results showed that there was no difference in 
the means between electric and acoustic.  The intensity of one stimulus was constant for all of 
the participants (acoustic), whereas the other varied (electric) and could substantially 
lower.  Without this particular limitation we may have determined that electric stimulation is 
more effective than acoustic stimulation.  A potential resolution to this issue is to administer a 
Likert ratings scale from 0 to 7 at each increase of intensity to assess the degree to which 
participants were feeling uncomfortable.  This measure would reduce the range differences and 
in turn demonstrate a more accurate relationship between acoustic and electric 
stimulus.  Nevertheless, as this measure still includes self-report, individual perception bias 
cannot be completely ruled out.     
One limitation to Experiment 2 and 3 was the gender demographic of the participants. As 
both experiments required the participants to be administered an intensity of 20 mA, the 
majority of data was obtained from males.   Previously, it had been demonstrated that the 
majority female participants did not go over 10 mA.  Thus, as a practical tool to ensure adequate 
data was obtained, mostly male participants were required, or female participants able or willing 
to adhere to the higher intensity.  The requirement to test participants at the higher intensity of 
20 mA was more important than having both genders well represented.  Although, this decision 
has led to the results of our study only being generalizable for males.   A potential solution is to 
continue to recruit female participants until the correct number of willing female subjects is 
obtained. 
The final limitation of this study is regarding the methodology used, as such our studies 
provide no indication of the neural mechanisms or brain areas involved in the facilitated-
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reaction effect.  Although, our results show strong support for the use of electric stimulation to 
elicit the early release of prepared responses, we cannot comment on the cortical or subcortical 
areas that this effect involves.  Therefore, it is suggested that future research investigates electric 
stimulation in respect to corticospinal excitability.  TMS or TES could be used to probe the 
cortical spinal pathways to investigate the effect of electrical stimulation of the electrical spinal 
pathways (Marinovic et al., 2014). It would also be interesting to see if electrical stimulation can 
actually induce inhibition in the context of Furubayashi and colleague’s (2000) work when 
participants are contracting their muscles when sensory stimulation is delivered.   
Finally, further investigation of the use of electrical stimulation in the area of temporal 
summation could potentially provide more forceful and even faster reactions.  Previous 
researchers have demonstrated the summation of LAS and electrical stimulation can produce 
stronger startle Eye Blink reflexes (Yeomans & Frankland, 1995).   An example of temporal 
summation is the integration of startling stimuli, using two multisensory stimuli simultaneously 
can enhance the amplitude of the startle effect.  The next step to investigate could be the 
combined effect of electric stimulation and LAS on the facilitated-reaction effect.    
Conclusion   
From our findings we showed that electric stimulation is as effective as acoustic 
stimulation in eliciting the early release of prepared motor actions.  This thesis provides 
evidence to support the view that the increase in electric stimulus intensity also increases the 
speed of reaction time and the force of the movement exerted.  Furthermore, this thesis 
illustrates that the Facilitated-reaction effect will occur if the stimulation is administered to 
either the skin receptors or muscle and skin receptors.  While further research is needed to 
provide a more complete scenario about this phenomenon, this thesis has provided a novel and 
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crucial investigation into the effects of electric stimulation on the release of prepared 
responses.    
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Appendix A: Participant Information Sheet 
School of Psychology 
Participant Information Sheet 
              
The effects of spatial attention and peripersonal space on the release of prepared responses by sound.  
The purpose of the study  
The purpose of this study is to examine the effects of spatial attention and peripersonal space on the initiation of 
motor actions. This study is being conducted by Magdalen Milford as part of the requirements for the Psychological 
Science degree (Honours) at the University of Queensland, under the supervision of Welber Marinovic.   
 
Participation and withdrawal  
Participation in this study is completely voluntary and you are free to withdraw from this study at any time without 
prejudice or penalty. If you wish to withdraw, simply stop completing the exercises. If you do withdraw from the study, 
the materials that you have completed to that point will be deleted and will not be included in the study.  
 
What is involved?  
Your task will be to move your right index finger in sync with a cutaneous temporal and or acoustic cues. 
Commencement of each trial will be indicated when the red square at the centre of the monitor screen turns green. An 
electric stimulus will be occasionally delivered to the left bicep, you may also hear a loud acoustic stimulus through the 
head phones. You will have feedback about your performance in the practice trials. A small electrode will be placed on 
your right hand muscles. This electrode will record muscle activity.  
 
Risks 
Participation in this study should involve no physical or mental discomfort, and no risks beyond those of everyday 
living.  If, however, you should find any question or procedure to be invasive or offensive, you are free to omit 
answering or participating in that aspect of the study.   
 
Confidentiality and security of data  
All data collected in this study will be stored confidentially. Only members of the research team will have access to 
identified data.  All data will be coded in a de-identified manner and subsequently analysed and reported in such a way 
that responses will not be able to be linked to any individual. The data you provide will only be used for the specific 
research purposes of this study.  
 
Ethics Clearance and Contacts 
This study has been cleared in accordance with the ethical review processes of the University of Queensland and within 
the guidelines of the National Statement on Ethical Conduct in Human Research.  You are, of course, free to discuss 
your participation with project staff (contactable on: magdalen.milford@uqconnect.edu.au or 0448 553 146).  
 
 If you would like to speak to an officer of the University not involved in the study, you may contact one of the School 
of Psychology Ethics Review Officers: Jolanda Jetten (j.jetten@psy.uq.edu.au, tel 3365 4909), Jeanie Sheffield 
(jeanie@psy.uq.edu.au, tel 3365 6690), Thomas Suddendorf (tsuddend@psy.uq.edu.au, tel 3365 8341) or Alex Haslam 
(uqshasla@uq.edu.au, tel 3346 7345). Alternatively, you may leave a message with the School of Psychology Ethics 
Coordinator, Danico Jones at tel 3365 6448 for an ethics officer to contact you, or you may contact the University of 
Queensland Ethics Officer on 3365 3924, e-mail: humanethics@research.uq.edu.au 
 
If you would like to learn the outcome of the study in which you are participating, you can contact 
me at the email above after 10th October, and I will send you an Abstract of the study and findings. 
 
Thank you for your participation in this study.  
Magdalen Milford 
 
Updated: 7 October 2014 
Appendix B: Participant Post-Experiment Information Sheet 
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School of Psychology 
Post-Experimental Information Sheet 
The effects of spatial attention and peripersonal space on the release of prepared responses by sound.  
 
 
Experimenter: Magdalen Milford (magdalen.milford@uqconnect.edu.au) 
Supervisor: Welber Marinovic (3365 6105, w.marinovic@uq.edu.au) 
 
Previous research into the start react effect has shown that the presentation of an unpredictable and 
intense stimulus, such as loud noise, during movement preparation can produce faster reaction times 
than it normally would occur without it.  This study explores the effects of spatial attention (directing 
attention to either your right or left hand) on the release of motor responses by unexpected electric 
stimuli. This project will advance the basic understanding of whether spatial attention will increase or 
decrease the effects of the electro startle. This information could be used to help create new protocols 
to aid people who have suffered from a stroke or brain injury to regain control of movement initiation.  
 
If you are interested in learning more, here are some references to get you started:  
Marinovic, W., de Rugy, A., Lipp, O. V., & Tresilian, J. R. (2013). Responses to loud auditory stimuli  
indicate that movement-related activation builds up in anticipation of action. Journal of 
neurophysiology, 109(4), 996-1008. doi: 10.1152/jn.01119.2011 
Drummond, N. M., Carlsen, A. N., & Cressman, E. K. (2013). Motor preparation is delayed for both 
 directly and indirectly cued movements during an anticipation-timing task. Brain research, 
1506,  44-57. doi: 10.1016/j.brainres.2013.02.029 
 
If you have any questions about this research or if you would like further information about the study, 
please contact me on magdalen.milford@uqconnect.edu.au.  
 
Thank you again for your participation.  
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Appendix C: Participant Consent Form 
 
 
School of Psychology 
Consent Form  
The effects of spatial attention and peripersonal space on the release of prepared responses by sound.  
 
Experimenter: Magdalen Milford (magdalen.milford@uqconnect.edu.au) 
Supervisor: Welber Marinovic (3365 6104, w.marinovic@uq.edu.au) 
 
1. I, the undersigned..................................... hereby acknowledge that I have read the information 
sheet, and I agree to volunteer participation. I have been provided with a description of the 
experiment, including the purposes, methods, demands, and possible risks and inconveniences 
involved.  
2. Any data obtained from me today will be kept in de-individualised form and treated confidentially.  
3. I am aware that I may withdraw from this research project at any time without penalty, and that I 
am entitled to a thorough explanation of any procedure employed in the study.  
4. I hereby consent to being a research participant in this study. 
 
(Signed) ...........................................  Date: .................... 
(Witnessed by) ................................... Date: ................... 
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Appendix D Experiment 1 R Studio Output  
Reaction Time Anova  
> ezANOVA(  
+     data = data.long  
+   , dv = .(RT)  
+   , wid = .(Name)  
+   , within = .(Condition)  
+   , type = 2  
+   , detailed = TRUE  
+ )  
$ANOVA  
       Effect DFn DFd       SSn       SSd         F            p p<.05       ges  
1 (Intercept)   1  14 885491.55 15551.778 797.13598 9.631035e-14     * 0.9724279  
2   Condition   2  28  30748.27  9555.316  45.05092 1.772633e-09     * 0.5504981  
 
$`Mauchly's Test for Sphericity`  
     Effect         W         p p<.05  
2 Condition 0.9019284 0.5112324        
 
$`Sphericity Corrections`  
     Effect       GGe        p[GG] p[GG]<.05      HFe        p[HF] p[HF]<.05  
2 Condition 0.9106874 8.210886e-09         * 1.039552 1.772633e-09         *  
  
> aov.out = aov(RT ~ Condition, data=data.long)  
> ## post hoc comparison Tukey  
> TukeyHSD(aov.out, conf.level = 0.95)  
  Tukey multiple comparisons of means  
    95% family-wise confidence level   
  
                        diff       lwr       upr     p adj  
RT_Electric-RT_CTL -49.03767 -70.72763 -27.34771 0.0000063  
RT_LAS-RT_CTL      -60.17423 -81.86419 -38.48427 0.0000001  
RT_LAS-RT_Electric -11.13657 -32.82653  10.55339 0.4325101 (Does not differ)  
> plot(TukeyHSD(aov.out))  
 
              type  N       RT       sd            se                ci  
1      Control 15 176.6808 20.70880 5.346990 11.468153  
2      Electric 15 127.6431 15.63459 4.036833  8.658146  
3      LAS 15 116.5066 18.72135 4.833832 10.367539  
  
Analysis Peak EMG  
> dataEMG.long <- melt(data=data, id.var="Name",  
+                   measure.vars=c("Peak_CTL",  "Peak_Electric",  "Peak_LAS"),  
+                   variable.name="Condition")  
> names(dataEMG.long)[names(dataEMG.long)=="value"] <- "Peak_EMG"  
>   
> dataEMG.long$type <- NA  
> dataEMG.long$type[grepl("CTL$",  dataEMG.long$Condition)] <- "Control"  
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> dataEMG.long$type[grepl("Electric$", dataEMG.long$Condition)] <- "Electric"  
> dataEMG.long$type[grepl("LAS$", dataEMG.long$Condition)] <- "LAS"  
> dataEMG.long$type <- factor(dataEMG.long$type)  
> #data.long  
 
> ezANOVA(  
+   data = dataEMG.long  
+   , dv = .(Peak_EMG)  
+   , wid = .(Name)  
+   , within = .(type)  
+   , type = 2  
+   , detailed = TRUE  
$ANOVA  
       Effect DFn DFd        SSn      SSd         F            p p<.05        ges  
1 (Intercept)   1  14 6.88355556 3.495805 27.567267 0.0001227455     * 0.65261972  
2        type   2  28 0.05757631 0.168215  4.791893 0.0162257630     * 0.01547087  
  
$`Mauchly's Test for Sphericity`  
  Effect         W         p p<.05  
2   type 0.8379479 0.3168915        
  
$`Sphericity Corrections`  
  Effect       GGe      p[GG] p[GG]<.05       HFe     p[HF] p[HF]<.05  
2   type 0.8605466 0.02167129         * 0.9698094 0.0172721         *  
  
> aov.out2 = aov(Peak_EMG ~ type, data=dataEMG.long)  
> ## post hoc comparison Tukey  
> TukeyHSD(aov.out2, conf.level = 0.95)  
  Tukey multiple comparisons of means  
    95% family-wise confidence level  
  
                                         diff        lwr       upr     p adj  
Electric-Control  0.08246667 -0.1795563 0.3444897 0.7265165  
LAS-Control       0.06686667 -0.1951563 0.3288897 0.8100273  
LAS-Electric     -0.01560000 -0.2776230 0.2464230 0.9885351  
  
 
      type  N  Peak_EMG         sd         se         ci  
1  Control 15 0.3413333 0.09159381 0.02364942 0.05072296  
2 Electric 15 0.4238000 0.07197378 0.01858355 0.03985775  
3      LAS 15 0.4082000 0.06673370 0.01723057 0.03695589  
  
  
 Analysis Of Time To Peak EMG  
> dataTP.long <- melt(data=data, id.var="Name",  
+                   measure.vars=c("TP_CTL", "TP_Electric", "TP_LAS"),  
+                   variable.name="Condition")  
> names(dataTP.long)[names(dataTP.long)=="value"] <- "TP"  
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>   
> dataTP.long$type <- NA  
> dataTP.long$type[grepl("CTL",  dataTP.long$Condition)] <- "Control"  
> dataTP.long$type[grepl("Electric", dataTP.long$Condition)] <- "Electric"  
> dataTP.long$type[grepl("LAS", dataTP.long$Condition)] <- "LAS"  
> dataTP.long$type <- factor(dataTP.long$type)  
 
> ezANOVA(  
+   data = dataTP.long  
+   , dv = .(TP)  
+   , wid = .(Name)  
+   , within = .(type)  
+   , type = 2  
+   , detailed = TRUE  
 
$ANOVA  
       Effect DFn DFd         SSn       SSd          F            p p<.05        ges  
1 (Intercept)   1  14 116607.3708 21553.950 75.7403268 5.070413e-07     * 0.78722672  
2        type   2  28    375.3418  9962.934  0.5274335 5.958651e-01       0.01176907  
  
$`Mauchly's Test for Sphericity`  
  Effect         W           p p<.05  
2   type 0.4216095 0.003646848     *  
  
$`Sphericity Corrections`  
  Effect       GGe     p[GG] p[GG]<.05       HFe     p[HF] p[HF]<.05  
2   type 0.6335568 0.5187447           0.6678259 0.5275354            
 
Terms:  
                     type Residuals  
Sum of Squares    375.342 31516.883  
Deg. of Freedom         2        42  
  
 
  
$type  
                   diff       lwr      upr     p adj  
Electric-Control 2.0335 -22.26795 26.33495 0.9774858  
LAS-Control      6.8847 -17.41675 31.18615 0.7715850  
LAS-Electric     4.8512 -19.45025 29.15265 0.8787843  
  
       type  N       TP       sd       se        ci  
1  Control 15 47.93183 14.10834 3.642757  7.812936  
2 Electric 15 49.96533 15.59450 4.026482  8.635945  
3      LAS 15 54.81653 25.00447 6.456127 13.847016  
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Shapiro-Wilk normality test  
  
data:  Ratio_elec  
W = 0.9391, p-value = 0.3708  
  
> shapiro.test(Ratio_LAS)  
  
Shapiro-Wilk normality test  
  
data:  Ratio_LAS  
W = 0.8934, p-value = 0.07559  
  
 
  
> wilcox.test(Ratio_elec, mu=1, conf.int = TRUE)   
 
Wilcoxon signed rank test  
data:  Ratio_elec  
V = 104, p-value = 0.01025  
alternative hypothesis: true location is not equal to 1  
95 percent confidence interval:  
 1.074438 1.505032      
sample estimates:  
(pseudo)median   
      1.287198   
  
  
> wilcox.test(Ratio_LAS, mu=1, conf.int = TRUE)   
 
Wilcoxon signed rank test  
  
data:  Ratio_LAS  
V = 94, p-value = 0.05536  
alternative hypothesis: true location is not equal to 1  
95 percent confidence interval:  
 0.991523 1.329717  
sample estimates:  
(pseudo)median   
      1.134302   
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> ezANOVA(data = data.long, dv = .(RT), wid = .(Sub), within = .(type), type = 2, detailed = 
TRUE)  
$ANOVA  
       Effect DFn DFd     SSn    SSd      F         p p<.05    ges  
1 (Intercept)   1  23 3616615 147540 563.79 1.113e-17     * 0.9339  
2        type   4  92  109740 108636  23.23 2.715e-13     * 0.2999  
  
$`Mauchly's Test for Sphericity`  
  Effect      W       p p<.05  
2   type 0.3863 0.01606     *  
  
$`Sphericity Corrections`  
  Effect    GGe     p[GG] p[GG]<.05    HFe     p[HF] p[HF]<.05  
2   type 0.6799 1.012e-09         * 0.7799 7.701e-11         * 
  
> aov.out = aov(RT ~ Condition, data=data.long)  
> TukeyHSD(aov.out, conf.level = 0.95)  
  Tukey multiple comparisons of means  
    95% family-wise confidence level  
  
Fit: aov(formula = RT ~ Condition, data = data.long)  
  
$Condition  
                diff     lwr     upr  p adj  
X5RT-X2.5RT  -17.042 -54.803  20.720 0.7216  
X10RT-X2.5RT -47.367 -85.128  -9.605 0.0063  
X20RT-X2.5RT -57.151 -94.913 -19.390 0.0005  
CTLRT-X2.5RT  25.135 -12.627  62.896 0.3533  
X10RT-X5RT   -30.325 -68.087   7.436 0.1777  
X20RT-X5RT   -40.110 -77.871  -2.348 0.0315  
CTLRT-X5RT    42.176   4.415  79.938 0.0204  
X20RT-X10RT   -9.784 -47.546  27.977 0.9519  
CTLRT-X10RT   72.501  34.740 110.263 0.0000  
CTLRT-X20RT   82.286  44.524 120.047 0.0000  
  
 
Peak EMG raw values  
> ezANOVA(data = dataEMG.long, dv = .(Peak_EMG), wid = .(Sub), within = .(type), type = 2, 
detailed = TRUE)  
$ANOVA  
       Effect DFn DFd     SSn   SSd      F         p p<.05     ges  
1 (Intercept)   1  23 12.2359 3.564 78.962 6.757e-09     * 0.72771  
2        type   4  92  0.1527 1.014  3.463 1.108e-02     * 0.03228  
  
$`Mauchly's Test for Sphericity`  
  Effect      W         p p<.05  
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2   type 0.2466 0.0004599     *  
  
  
$`Sphericity Corrections`  
  Effect    GGe   p[GG] p[GG]<.05    HFe   p[HF] p[HF]<.05  
2   type 0.6028 0.03044         * 0.6784 0.02505         *  
  
> aov.out2 = aov(Peak_EMG ~ type, data=dataEMG.long)  
> ## post hoc comparison Tukey  
> TukeyHSD(aov.out2, conf.level = 0.95)  
  Tukey multiple comparisons of means  
    95% family-wise confidence level  
  
Fit: aov(formula = Peak_EMG ~ type, data = dataEMG.long)  
  
$type  
                   diff      lwr    upr  p adj  
2.5mA-Control  0.034167 -0.12547 0.1938 0.9759  
5mA-Control    0.028875 -0.13076 0.1885 0.9871  
10mA-Control   0.078229 -0.08141 0.2379 0.6555  
20mA-Control   0.098875 -0.06076 0.2585 0.4279  
5mA-2.5mA     -0.005292 -0.16493 0.1543 1.0000  
10mA-2.5mA     0.044063 -0.11558 0.2037 0.9401  
20mA-2.5mA     0.064708 -0.09493 0.2243 0.7939  
10mA-5mA       0.049354 -0.11028 0.2090 0.9119  
20mA-5mA       0.070000 -0.08964 0.2296 0.7425  
20mA-10mA      0.020646 -0.13899 0.1803 0.9964  
> wilcox.test(X2.5RatioEMG, mu=1, conf.int = TRUE)  
  
Wilcoxon signed rank test with continuity correction  
 
data:  X2.5RatioEMG  
V = 192.5, p-value = 0.23  
alternative hypothesis: true location is not equal to 1  
95 percent confidence interval:  
 0.965 1.185  
sample estimates:  
(pseudo)median   
         1.081   
> wilcox.test(X5RatioEMG, mu=1, conf.int = TRUE)  
 
Wilcoxon signed rank test with continuity correction  
  
data:  X5RatioEMG  
V = 219, p-value = 0.0503  
alternative hypothesis: true location is not equal to 1  
95 percent confidence interval:  
 0.995 1.300  
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sample estimates:  
(pseudo)median   
         1.165   
 
> wilcox.test(X10RatioEMG, mu=1, conf.int = TRUE)  
  
Wilcoxon signed rank test with continuity correction  
  
data:  X10RatioEMG  
V = 236, p-value = 0.01456  
alternative hypothesis: true location is not equal to 1  
95 percent confidence interval:  
 1.065 1.490  
sample estimates:  
(pseudo)median   
         1.269   
 
> wilcox.test(X20RatioEMG, mu=1, conf.int = TRUE)  
 
Wilcoxon signed rank test with continuity correction  
data:  X20RatioEMG  
V = 244.5, p-value = 0.007235  
alternative hypothesis: true location is not equal to 1  
95 percent confidence interval:  
 1.07 1.63  
sample estimates:  
(pseudo)median   
         1.286   
  
 
ezANOVA(data = dataTP.long, dv = .(TP), wid = .(Sub), within = .(type), type = 2, detailed = 
TRUE)  
$ANOVA  
       Effect DFn DFd      SSn   SSd       F         p p<.05     ges  
1 (Intercept)   1  23 260514.1 19501 307.264 8.389e-15     * 0.83673  
2        type   4  92    813.4 31335   0.597 6.657e-01       0.01575  
  
$`Mauchly's Test for Sphericity`  
  Effect       W         p p<.05  
2   type 0.08498 3.579e-08     *  
  
$`Sphericity Corrections`  
  Effect    GGe  p[GG] p[GG]<.05    HFe  p[HF] p[HF]<.05  
2   type 0.5658 0.5741           0.6307 0.5914            
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Appendix F Experiment 3 R Studio Output  
 
Reaction time Anova  
> ezANOVA(  
+   data = data.long  
+   , dv = .(RT)  
+   , wid = .(Name)  
+   , within = .(Condition)  
+   , type = 2  
+   , detailed = TRUE)  
$ANOVA  
       Effect DFn DFd    SSn   SSd      F         p p<.05    ges  
1 (Intercept)   1  14 885492 15552 797.14 9.631e-14     * 0.9724  
2   Condition   2  28  30748  9555  45.05 1.773e-09     * 0.5505  
  
$`Mauchly's Test for Sphericity`  
     Effect      W      p p<.05  
2 Condition 0.9019 0.5112        
  
$`Sphericity Corrections`  
     Effect    GGe     p[GG] p[GG]<.05  HFe     p[HF] p[HF]<.05  
2 Condition 0.9107 8.211e-09         * 1.04 1.773e-09         *  
  
 
$Condition  
                     diff    lwr    upr  p adj  
RT_Electric-RT_CTL -49.04 -70.73 -27.35 0.0000  
RT_LAS-RT_CTL      -60.17 -81.86 -38.48 0.0000  
RT_LAS-RT_Electric -11.14 -32.83  10.55 0.4325  
  
 
      type  N    RT    sd    se     ci  
1  Control 15 176.7 20.71 5.347 11.468  
2 Electric 15 127.6 15.63 4.037  8.658  
3      LAS 15 116.5 18.72 4.834 10.368  
  
Shapiro-Wilk normality test  
  
data:  RT_LAS   
W = 0.939, p-value = 0.3695  
  
> shapiro.test(RT_Electric)  
 
Shapiro-Wilk normality test  
 
data:  RT_Electric   
W = 0.9484, p-value = 0.5003  
> out2 = spearman.test(RT_LAS, RT_Electric, approximation="AS89")  
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> out2  
 
Analysis of Reaction time (RT_CTL  RT_Electric  RT_LAS)  
$ANOVA  
       Effect DFn DFd     SSn    SSd      F         p p<.05     ges  
1 (Intercept)   1  14 6.88356 3.4958 27.567 0.0001227     * 0.65262  
2        type   2  28 0.05758 0.1682  4.792 0.0162258     * 0.01547  
  
$`Mauchly's Test for Sphericity`  
  Effect      W      p p<.05  
2   type 0.8379 0.3169        
  
$`Sphericity Corrections`  
  Effect    GGe   p[GG] p[GG]<.05    HFe   p[HF] p[HF]<.05  
2   type 0.8605 0.02167         * 0.9698 0.01727         *  
  
                     diff     lwr    upr  p adj  
Electric-Control  0.08247 -0.1796 0.3445 0.7265  
LAS-Control       0.06687 -0.1952 0.3289 0.8100  
LAS-Electric     -0.01560 -0.2776 0.2464 0.9885  
  
       type  N Peak_EMG      sd      se      ci  
1  Control 15   0.3413 0.09159 0.02365 0.05072  
2 Electric 15   0.4238 0.07197 0.01858 0.03986  
3      LAS 15   0.4082 0.06673 0.01723 0.03696  
 
 
Time to peak EMG Anova  
>   
> ezANOVA(  
+   data = dataTP.long  
+   , dv = .(TP)  
+   , wid = .(Name)  
+   , within = .(type)  
+   , type = 2  
+   , detailed = TRUE)  
 
       Effect DFn DFd      SSn   SSd       F         p p<.05     ges  
1 (Intercept)   1  14 116607.4 21554 75.7403 5.070e-07     * 0.78723  
2        type   2  28    375.3  9963  0.5274 5.959e-01       0.01177  
  
$`Mauchly's Test for Sphericity`  
  Effect      W        p p<.05  
2   type 0.4216 0.003647     *  
  
$`Sphericity Corrections`  
  Effect    GGe  p[GG] p[GG]<.05    HFe  p[HF] p[HF]<.05  
2   type 0.6336 0.5187           0.6678 0.5275            
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                  diff    lwr   upr  p adj  
Electric-Control 2.033 -22.27 26.33 0.9775  
LAS-Control      6.885 -17.42 31.19 0.7716  
LAS-Electric     4.851 -19.45 29.15 0.8788  
  
      type  N    TP    sd    se     ci  
1  Control 15 47.93 14.11 3.643  7.813  
2 Electric 15 49.97 15.59 4.026  8.636  
3      LAS 15 54.82 25.00 6.456 13.847  
  
Shapiro-Wilk normality test  
 data:  Ratio_elec   
W = 0.9391, p-value = 0.3708 
  
Shapiro-Wilk normality test  
 data:  Rati_LAS   
W = 0.8934, p-value = 0.07559  
  
> # wilcox.test(Ratio_elec, mu=1, conf.int = TRUE)   
> # wilcox.test(Ratio_LAS, mu=1, conf.int = TRUE)   
>   
>  t.test(Ratio_elec, mu=1, conf.int = TRUE)   
 
One Sample t-test  
 
data:  Ratio_elec   
t = 3.217, df = 14, p-value = 0.006205  
alternative hypothesis: true mean is not equal to 1   
95 percent confidence interval:  
 1.100 1.498   
sample estimates:  
mean of x   
    1.299   
  
>  t.test(Ratio_LAS, mu=1, conf.int = TRUE)   
  
One Sample t-test  
 
data:  Ratio_LAS   
t = 2.315, df = 14, p-value = 0.03628  
alternative hypothesis: true mean is not equal to 1   
95 percent confidence interval:  
 1.013 1.328   
sample estimates:  
mean of x   
     1.17 
